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Processing Temporal Relationships in Simple Stories; ~ ^ 
Effect^ of Input ' Sequence ^ 

\ ■ ■ ' . 

^ ' . ...... 

All of. our experiences with words occur over time due to tKe sequehtJ-a 1.,.. 

rratur'e of language. The question of interest in the present paper is^ the 

extent to which real-time order information influences memory for simple 
» 

stories. A story is an ideal discourse structure to use in this context 
because its representation is temporally markedin two wayfe: I) it is 
encoded over time, and 2) it contains explicit or implicit information about 
the temporal sequence of events within the story itself (story time). 



In most texts, wnput order (reaTtimeX is perfectly confounded with ' 
stpry time in that the order of presentation of the events' is the'same as the 
order jn which they occur in ^le story. When the temporal organization of 
the story matches the temporal record of the input, it sh6uld be relatively 
easy to represent , the order of events in memory. 'The represenfat ion problem- 
becomies more compxiex when story time is inconsistent with real. time, e.g.', 
when the story contains a flashback. Here, readers cannot* rely on an 
episodfc temporal record of experience to provide information about the 
ordering of events jn the story, ^but must try to keep track of the ' 



Inversions. ^ 



^ . The ser>tence memory Ijterature provides some evidence thaft this 
inconsistency woul4 pose a problem. Clark and, Clark (1968) presented 
subjects with 2-event sentences connected by temporal adverbs and cued them 
for veroatim recall. In general, sentences were more poorly recalled when 
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the brcfer of input was^ d i f ferent' from the underlying order of "occurrence* ' 
Using the same stimulus materials, Smith and McMahon (1^70) asked subjects to 
report what happened first or second immediately after presentation of a 
sentence. Longer response times resulted when order of inpgjt di f fered 'f rom 
order of occurrence. 

» * 
* * 

These ^xper^ents suggest that the temporal order of input dominates fhe 

memory code for single sentences. However, Ijhe general conseasus in the 

prose literature is that surface characteristics of • a text, including order 

< 

of inpjkjt, have little bearing on the memory representation (e.g., Kintsch/, 
1974). Several experiments have derfioastrat-ed' that subjects tend to recall 
semarrtfcal fy related ideas together even if they *had not been presented 
together at input (Mandler & Johnson, ^ 1^77; Meyer & McConkie, 1973; Meyers & 
Boldrick, 1976; Stein & Nezworski, iT^ press; Thorndyke, 1977). ' Such 
reorganization could, of course, occur at retrieval and does not rfecessarily 
reflect the structure of the merpory representat ion* HoV/ever, Kintsch and • 
Monk (1972) and -K i rig^ and Greeno C1974) obtained evidence, for constructive 
processing using a response time paradigm. They concluded that people 
extract the main ideas from a text and cread'a a coherent, wel l-structured 

- - / • • ' ■ • 

representation as they are reading. - . ^ , 

* • 

The present series of experiment's takes issue with this exclusive^ fo*cus 
on meaning, specifically, the contention that surface characteri sties are 
lost during the effort to construct a coherent semantic interpretatjon.^ This 
focus characterizes several memory models which assume the. .semantic 
representation is invariant under paraphrases of the same Information 
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(An.dersoa & ^ower, 1973; Krntsch, 1974; Norman i 'Rumelhart\ 1975; Schank, 
1972). Such models would presumably represent informatton* iiVthe same 



abstract prepositional format. regard I ess of the specific temporal adverbial 
that is used* For example, the sentences, "Bill cut the grass* Before that,^ 
he went to the store** and "prrwent to the store; Then he cat the grass," 
should entail formally equivalent representa^t ions* 

This invariance assumption underlies linguistic models which explicitly 
consider the temporal relations existing among events in a stc^ry* For 
example, van Dijk (1972) suggests that when reading text, referential/real 
time points and intervals are mapped onto semantical ly represented t'jmes. 
Each event is ifiapped onto a sentoid representing an abstract Mdea, along^'with 
its corresponding time indicator* Even if the direct rel-ationship between' 
reaj time (input order) and semantic time (underlying order) does not obtain^ 
the mapping is still the same. Similarly, Miller and Johnson-Laird (1976) 
suggest that incoming events are mapped onto a conceptual time line. In 
other wordj, inconsistencies between real time and underlying story t*ime are ^ 
resolved in* favor of story; time. ^ 

Existing story grammars atso emphasize the dominance of the underlying 
order of events (Mandler & Jol^^n, 1977; Stein & Glenn, in press). One of^ 
the major assumptions of a story grammar Is that a story has a 'canonical 
order. If a story violates the expected temporal order of events, people 
attempt to re-organi^e the information to conform to the canonical story 
schema. Evidence in support of this argument has been provided by Mandler 
(in press). Stein and NezworskI (in press)/- and Kintsch, Kozminski, and 
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Mandel (1977)» These Investigators presented subjects with stories * 
containing various temporal disrupxtions and then asked for recall or / 
summar izatijDn of the stories. In general, subjects pro^duced protocols thai^ 
bore a'^closer resemblance to the ideal story seque/ice than to the actual 
input sequencar^ Although it may be tempting to argue that this 
reorganization occurs during en<ibdrng, conclusive evidence is lacking. 

- In summary, virtuaHy all of the- studies examining memory for prose have 



focused on the constructfon of *a meaningful, we I l-ihtegfated representation 
and have igt^ored the* poss>ibte j:ontri but ions of Surface infohmation. The goal 
of the present experiments is to' demonstrate that certain surface 
characteristics, specifically, the order of input, do in fact exert an 
Influence on memory. The basic paradigm involved presenting subjects with . 
paragraph-'length stories written in either chronological -or flashback 
sequence. After reading each story, subjects were asked to decide if the * 
order in which two events were displayed in a probe matched the underlying 
order of occurrence i/i^the /fetory. 

■ * ^ ■ 

If the jrnemocy representation preserves, the order of input, then subjects 
should be faster and more accurate making decisions on Chronological stories ^ 
than on flashback stories. This advantage would ,be due to the fact that 
input sequence is Jdentftal to underlying sequence in chronological stories, 
bdt subjects must figure out thq underbuying sequence of events before they 
can're^ond oo flasnoacK stories. On the other hand, if the representation 



an respond oo 1 1 asr 
i nteqf^ted "-dur inc 



I s'^ integrated ••dur ing processing to conform to the underlying sequence of 
events^^then performance on flashback stories should not differ from 
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chronological. Such an outcome would be consistent with the contention that 

.7, 

subjects extract and represent the same meaning from different surface 

expressions of similar ideas, ' • 

Four experiments will be reported which seek to demonstrate better 

access qf input order relationships than temporal relationships existing in 

•* \ • . — ^ 

the .meaning of the story. In the first experiment, subjects were, tested. 

immediately afler r^eadlng the story. The seco'ad exper'im'ent introduced a • 

• . f 

brief interval between study aad test to pravlde an opportunity for 
"f9nsolidati6n" of the representation, wh i le an interference task >/as used in 
Experiment 4 to disrupt verbatim memory. A somewhat different procedure was 
used in Experiment 3, where decisions about flashback, stories were based on 
either the underlying order in story time or on real-time input or^er. 
(Throijghout the pap^r, the terms "real time" and "Input order" will be used 
interch^geably, as will "story ''t ime" and "underlying order.") 

In addition to the chrono log i ca I -f I ashback manipulation, tite experifnents 
also varied the type of connection existing among the events in the stories. 
Some stories contained an arbitrarily-ordered series of events, ^with no 
-semantic constraints on the' order i ng. The remaining stories contained events 
which followed a logical progression but were not causally rel-ated. It was 
expected thaf decisions would be faster and morejas^fcurate on ' l-ogical ly- . 
ordered stories because they conform to ^ past experience. This advahtag^e ^ 
could arise because the semantic constraints facil.jtated the construction of 
a we ( I -integrated representation at encoding. The advantage could also 
originate at retrieval; prior knowledge can be used to *f aci I itate de^sions 

7 
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on logical orderings, w|iereas on arNtrary ordering^, subjects can only use 
information encoded during the experiment. v * 

The encoding explanation also predicts an interaction between sequence 
and connection; it should be easier to reorganize Ibgical flashback stories 
to conform to-the underlying sequence than arbitrai:;^ f lashback^'torles; 
Thus, an interaction would provide additional evidence that subjects 
attempted to construct an integrated representation during processing. 
Similar predictJons have received support from Kfntsch et al. (1977) and 
Brown and Murphy (1975). ^ 

Experiment 1 

Method ' I • ^ 

stories . The stimulus materials consisted of ^76 simp I e' stories, each 

about 60 Words in length. Each story described a series of three events 

experienced by a protagonist in a particular situation. The stories were all 

f 

of similar structure; there was an introductory setting statement, followed 

by three sentences, each o.f which described one majo^ event. The fifth and 

f inar sentence contained a concluding comment of some sort.^ 
• ^ 1 

-Each story was originally written in chronological sequence such that 
the order the events were mentioned was the- order they occurred in the 
story ♦ The temporal cont igu i ty , between events was always made explicit by 
markers 'Such as "Next," "Then," "A short time later." The stories were 
rewritten into flashback versions, where order of mention differed from order 
of occurrence. Only one event was involved in the flashback, and It^was 
always mentioned immediately after, the event which had actually fol lowed J^t 
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in the story. The flashback was typically signalled by the phrase, "Before 
that," where all references to the previous event were pronominal. Since 
each story had three events, there were two possible fJashback sequences, 
given the above constraints. 'The flashback reversed the order of mention of 
either the fir^st and second events or the second and .third. Half of the 
-s-tories contained one type of ftashback and half the other. This 
manipulation was inctuded in order to prevent subjects from knowing in 
advance wh'ich two events would be *invoJved' in the f I ashback -and therefore 
focusing their attention on those two/events. It should b^ notec^ that the 
untested first and last sentences/Served to eliminate possible end-anchor 
effects (c.f. Potts, ]975). 

In addition to the chronological -flashback variable, the stories 
differed with respect to the type of connectioi^ existing between the. events. 
In halfxof the storie^, the three events w4re independent. Although they 



were relat6<^to a particular theme, there were rto logical connections between 
them. Thus, the three events could be rearranged in any order without 
affecting the mean ingf ul ness of , the story* In the remaining stories, the 
order of events was semantical ly constrained. Strictly speaking, the .events 
were not causally related, but they did have an expected sequence based on 
kno^^fedge of the "script" \Schank, 1975). for the situation^. The two types qf 
connections will be designated "arbitrary" and "l9gical," respectively, but. 
the term "logical" should not be misunderstood as entailing a CAUSE' 
relationship. Bpth types of connections can be represented formally by THEN 
relations (c.f. Mandler & Johnson, 1977), but the logical are more 



1. ^ 



constrained than the arbitrary. Examples of the 

2 ^ - 



Table 1/ 

In making up the set of materials to be useb ln the experiment, half of 
the stories containing each type- of fionnection were randomly selected to 

' 1 J 

appear in flashback version, ^ half in chronological • Ten stories were 
designated as practice items, and 10 as filler items. The remaining 56 



Input Sequence 
9 



stories are presented in 

\ 



stories, 14 of each of the -four types, were randomly arranged for the test 



stimulus set, with the filler items evenly interjspersed among them. 



_ 

Insert Table 1 about hdre 

: J.. 

I . 

Probes . A t^st probe was constructed for 46ch story and consisted of 
two phrases separated by 10 dots. Each phrase vjas sufficient to specify one 
event, in the story. The subjects' task^rfas to decide if the order of the 
phfrases (from left to right) was the, same as.th4 order those events took 
place in the story. Examples of the probes arejincluded in Table 1. The 
probes were presented as phrases rather than as ^complete sentences In order 
to simpli^fy the task requirements and tx> reduce^the possibility of verbatim 
matches with the .surface form of the text. Six'^y percent of the probes were 
true with respect to the* story and 40% were fal^e. 

The two events included in the probe were ihe two events inverted by the 
flashback, or, in the case of chronological sequences, the two events that 
were inverted in the corresponding flashback ver^ston. Since subjects could 
conceivably adopt a strategy pf anticipating th^ probe on the basis of the 
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Inverts events, 10 fillers -were included. Here, the'probe tested the , ^ . 
temporal relatioDshi between the first and thrrd events, rather thdn the 
combination ot.events involved in fh^' f I ashback. ' ^ 

Equipment . StPmulus presentation was und^r^^the control' of a PDP-ll/^40 
computer. The stories were displayed in upper case letters on 9-inch video 
monitors at sevan individual subject stations. The ent.ire story was 

presented on the' screen at one time, followed by th^ probe. Each station was* 

' • ' ' ^ 

equipped with two response buttons. The right button w^s labeled "true" and 

the left was labeled Mals6v" Responses ^nd response latencies were reccihded 

* by the computer. , - 

Design . A 2 x 2 with in-subjectsV^ign was used, with' two story > \^ 
sequences (flashback or chronological) and two types.of connections between 
events (arbitrary orjogital). Nineteen Rutgers College students 
participated in the experiment as part of a general psychology course 
requirement. * * * . ' 

Procedure . Subjects were told that they would be reading a series of 
short stories, 'each containing an ordered sequence o^ three main events. 
They were also told that sometimes the events woutd be mentioned In the order 
they occured in the story, but that sometimes the events would be mentioned 
out of sequence, as in a flashback. The probes were then described, and 
subjects^ere Instructed to base their responses on the underlying order of 

* events, that is, the order that the characters in^the story experienced the 
events^ It was emphasized that this order would sometimes be different from 
the order of mention. $ubjects were instructed to press the "true" button if 
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the probe maHhed^'-fhe underlying order in the story and to press "false" if 
not. they were asked to respond as quickly and as accurately as possible. > 
The experimenter r^ad a sample flashback story and *probe, carefully 
expfainirtg vrtiat fhe correct response wop Id be and why. The connect }qq^ . 
maai pul at ion^ was not mentioned in the instructions as thTs knowledge was not 
deemed nefcessary. . " ^- . ^ 

After answer mg any questions the subjecta* had, ten practice trials were 
^administered. Each story was presented for 20 seconds, which was sufficient 
time to read through the story once. The probe appeared 1.5 §^c:onds later 
and remained .on the screen for 9 seconds or untiUall subjects* responded, 
whictiaver came first. The experimenter monitored the performance of the 
subjects during the pr'act.ice trials, and provided feedback about their 
genera^l performance levels. After ascertaining that all subjects were 
comfortable, with the task, the t^^. trials were begun. Again, each story was 
presented for 20 seconds followed by a pr:obe for a maximum ot 9 seconds. 
There were two 2-minute rest periods during the experiment. .The entire 
^session lasted about 50 minutes. 

Result^ and Discusaiofi ■ ^ 

The data obtained in all experiments were treated fn a similar fashion. . 
The following general comments pertain to all analyses. Response times and 
error rates were subjected to separate 2x2 analyses of variance, with story 
se,quence (chronp logical or flashback') and type of connection (arbitrary or 
logical ) as factors. Each dependent variable was analyzed twice, once- with 
subjects as the random factor and once with items. Because of the I imited 
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number of jtems per condition and because, of the relatively high error rates! 
it" was tiot feaSib-le to enter both subject and item effects i nto "a - s i.rrg I e 

* / 

analysis, ^breover^+he complete lack df'r^xDm selection of stimuli 

prohibits genera Uty beyond the present sample, and yet an analysis 

"col lapsing over subjects^ provides assurance tha1^^^^|pEf5^ at least 

robust within thrs sample. . To facil'itate presentat^pn of the-results, F 

ratios from the subject analyses will' be de^igna'ted^F., those from the Item 

analyses, l^. The rejection regioQ* is £ < .05 forall tests. .True and false 

decisions were analyzed^^eparately, arrd the pattern of results was quite" 

similar/ In the interest 'of brevity, the false judgments wH I not be 

discussed in the. text. However, the means on false decisions wi I I be.^^ ^ 

prese.nted in the appropriate tables along- with the^ true decisions. A summary 

•of the relevant statistical tests on false judgments can be found in the ' 

^ . . ' j * 

appendix.' ' . j j.' . 

'The mean response times on crxrect decisions' are givea in Table 2, with 
the corresponding error probarbi I ities indicated in parentheses. '(Al I means 
•represent subject me&ns.)" .Analyses pf variance of response times on true. 

^ 1 ^ . ' c 

' ' JT Insert Table 2 about' here . ^ 

decisions revealed a ireliabie effect of s^quencg,, lF.p>72)'' = 6.14, 
MS 538,137- F„(1,26) = 4^6, MS^ 3^15, 169. As expected, latencies were 
considerably longer <3n probes for flashback s^uences than for <3ftronologi<5al . 
TMs suggests that tie initial repres^tatj^Q^ of the story was organized 
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according to input sequence. It takes time to calculate the correct event 
V _ • • , 

<3equence if underlying order differs from* surface order. J^A I though the 
• response times in Table z suggest an advantage of fogjcal connections, ever 
arbitrary,^ neither analysis of variance reached conventional significance 

levels. There was no evidence of an interaction between story sequence and 

^ N * . 

type of connect i.on. 1, 

Analyses of the error data reveal parallel effects. The main effect o*f 
sequence was reliable, f.|(l,72) ^ 1 .Yl , \^ ^ .0\%1>;'1^^{\ ,261 = 9.50, 
MS = 2.63. More Errors were made on decisions about flashback sequences 

than on chronological, reflecting a tenderycy .to Vespond on the 'basis of input 

- ' ' t . 

order' rather than underlying order. The main effect of connection was also 
rel iable, F^(l,72) = 5.32, MS^ = >0183/j^j;j ,26) = 6.01^, MS^ '= 2.63, 
confirming expectations. . Errcfrs were mof^ ^likely when the events in tKe 
story were arbi trar i I y^r;dered than when they were logically related. As 
with response times, tlrerB was no evidence of an interaction. 

The results obtained in the present. exper Imeht demonstrate that the 
ini.tial representation of a* story is affected by the temporal order pf input. 

If real time and story time are consistent, as they are in chronolqgical 

ft 

paragraphs, subjects are faster and morife accurate In responding than if fh.ey 
are »i neons i stent. In addition, the experiment demons'trates a role of prior 
knowledge such that if the sequence oT ev^nts^ fo I lows a logical progression, 
decisj.ons about ord^r are facilitated, 

# k 

1t Is possible th6t subjects were trying to create a semantical ly» 
integrated representation, but with an Immediate test they^ may not have had 
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time to sort out the story time relations^ If ttiis is true, perhaps 
di.f ferenceS between chVonological and flashback sequences'/Woul d be eliminated 
if subjects are given add! tiona L,t ime after reading the passage to reorganize 
theic internal representation of the sfory. On the other hand, if subjects 
are satisfied with a real-time ordering of their '^representat ion, then a bri'ef 
delay should not change the pattern of results. Experiment 2 was addressed 
to this que.stion, 

^ * Experiment 2 ^ . . ^ 

Method ^ J, • ' ' . 

The exper ime?t=*^ v^as identical to Experiment Kin all respects, except 
that a IQ-second unfilled interval^ was introduced between story. and probe 
presenl-at ion. Subjects received the same instructions, but they were also 
explicitly encouraged to establish and rehearse the story-time ordering of 
events during the interval. Ten Rutgers College students particrpated in the 
experiment in partiat fulfillment of a general psychology course requirement. 
The experiment .lasted about 60 minutes, , 

Mean response times for correct decisions are presented in Table 3, with 
corresponding error rates'^ indicated in parentheses. Analyses of response 
latencies on true decisions revealed a,re+^able effect of sequence, £.(1,36) 
=*7,25, MS =^312,716; 'F^(1,26) = 6,77, MS^ = 241,699, ,Jis in Experiment I, 
response times on flashback sequences were consistently longer than on 
chronological. The connection effect also rep I icates^ Experiment 1, 
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* F^C 1,36)^,^ 5.04 ,':^MS^ | 312,716; £2(1, 26) = 5.61, MS^ = 241,899;- logical 



Insert Table 3 about here 



relations amoag events facilitate decisions about order. There was no 

evidence oi an interaction between sequence and connection. 

The J rvtroduct ion of ,an unfilied interval did not eliminate or even 

reduce the ditferences between chronologica-l and flashback stories. Input 

sequence still seems tovbe %he primacy basis of organization in ijiemory. If 

t^je data from the tw.o experiments are^combined, treating retention interval 

- as a befween-stcbjects farctbr, tb'e effect of interval is reliable, F,(1,27) = 

5^87, MS = 1,29j1,832; latencies were longer on the delayed test' than oiTthe 

"^immediate tfest. This difference probably arose because the delay subjects 

were not sure exactly when, the probed would be presented and so had slower 
« • , ^ 

' reaction times Tcf. Kahneman 4 Henir, 1977). Of more importance than the main 

effect; however, was the lack of any i/fteract ions with int^^rval. Thus, 

. al'fhough subjects required-more time to- respond on the delayed test, the 

retention Interva l''did n6t differentially influence performance. 

A^a^yses^af the error data revealed a reliable effect of sequence, ^ • 



F^(1^36)- = 12.58, MS^ = .01312; F^^l] ,26) = 7.93, MS^ = 1.49,* with more errors^ 
on flashback stories than on chronological. Pr^oviding subjects with 
additional tifSe to^ think about the story did not reduce error r^tes on 
flashback sequences. I'^Stativd to the immediate test. The effect of connection 
^ was not .rel i^ble, nor was there an interaction befween sequence and ^ 
cortnectlon. ^ ^ 
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The results of this experiment essentially replicate those obtained in 
Experiment 1, further attesting to the org^aAlzing influence of the temporal 
Record of input. The resuJts on the immediate test might be explained by 

^claiming'-J-hat subjects simply did not have time to f ul ly i ntegrate the 
matenal before being tested. , However, the extra 10 seconds of unfilled time 
in Experiment 2 should have allowed a ^emanticaljy integrated representati 

/if 'this was the subject's goal. Clearfy, subje.cts ^did not create such an 

integrated representation either during processing or in the unfilled \ 

Interval after reading. The delayed results are all the more $urprising 

given that sybj^cts welfe explicitly told to think about the uncjerlying order 

of events-dur ing the retention interval.* Jt could be argued that subjects . 

did not follow instructions and rehearsed the'events in their or^er of. 

presentation, evep when' it^was not always to their advantaged • However, this 

strategy would'not be adopted unless it was eas^ier to deal' with^pisodic . ' 

* - ' 1. 

order information than with'^meaning. This is, in fact, what the present 

paper is trying to demonstrate empirically. ' ^ 

» 

Exper iment 3 

^ . The data from Experiments 1 and 2 are certainly consistent with the idea 
of a temporal organization in memory. JHowever, the dffferahces ih' responses 
to chronological and flashback sequences have at least one altern^+4^ 
explanation. Perhaps two representations are estabi i^hW' whe\ rjeadingfa' 

.jL^^v ^ ^ 

Story. One representation migh" be ordeVed by real time to pk^rve a record 
of the input, and the other might be an abstracted semantic re(?rfestentation * 
thqf would provivde a more permanent logical record of, events. This second' 
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record would pres\imably^ be ordered by . story .time as opposed to reaJ clock 
time. , In the case "is^f a chronological input story, th^ two representatioj^s 
would be com^lj^tel y r^undant. Hovvever, with flashback stories, there wotrl^d' 
be a discrepancy betweeh, the two merpory records. The presence of two. 
conflicting representations might retard decisions and increase errors. 

(n- view, of this alternative irvterpretation, the dat,a do not *^ 
' uriequ ivocab I y demonstrate that the storages .are represented in memory ' 
according to the temporal order of ifi]5tJT. A more definitive test would 
entail separate assessments of memory for real ti^ ahd story time. This 
task was undertaken in the present experiment by presenting, subjects^ w I t|i 
flashback stories 'and requiring an order decision about either tlje order! of 
occurrence in story time or the order of mention in reaf time. If two 
eqoaHy accessible representations do exist, one would expect no differences 
in performance because a flashback create^'a confjict in bpth situations. 
That is, a real-time response requires subjects toN^nore the underlying 
story-time sequence, while, a story-time response requnres t«hem to ignore the 
real-time order of input. , - ' ' p' ' ' 

However, if the initial representation is organized according to input 
sequence, then subjects 'should be faster making a decision when they are told 
to use real time as the basis of the answer, even thC^tjgh they must ignore the 
semantic markers signalling the occurrence of a flashback. Such an outcome 
would not, of course, rule out the existence of a semantic representation, 
but it would demonstrate the advantage of a temporal lyj^rgan i zed recoi^d. 
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Method * \ _ 

Materials. The stimulus mater iai s "^w^re the same as those used, in the 

* . ^ < 

preceding experiments, except that all stories appeared in their fla'shli3Qk 

versions. The test probes were also the sarjfe, but the proportion of true^and 

* ^ 

false decisions was 50-50 rather than 60-40. 

^ Design . The design was a 2 x 2 x 2 mixed factorial. Th^ within- ^ 



subjects factors were type of connfection between events (arbitrary or'" 
logical ) >>a'na>est q'Sestion (real-trme or story-time). , The betweer;i'-subjects 

factor w^s block order. One group of subjects r-eceived real-tim^ questions 

/ 

on the 'first half of the trials and story-time questions on the, second half 
(R-S).' A second -group i^aceived story-t ime-^questions on the fir^t trial block 

and real-time .questions oq the second (S-R)i^ .The order of presentation of 

"/ 

the stories was constant across block orders;, thus, block order/was a 
with in- items fac^'or; A total of 28 subjects partfcipated in the experiment, ^ 
drawn f'rau the Rutgers introductory psychology subject pool. There were 11 
subjects in Block R-S and 17 subjects in Block S-R. •a' 

Procedure . Subjecrts were i^nformed that all of the stories theyy/ould be 
reading' contained flashbacks and that the ordering of the events was 
particularly important. They were toM that on ^alf of the trials^^they 
^would be expected to base their answer to the prpb^ on the order tha^ the 
events^were mentioned in ^he text; and on the remaining trials, they should 
respond according to the/order +he events took place in the story itself. A 
sample story was presented, along viith sample probes. Care ^as^ taken to make 

sure that subjects. understood the task, particularly the distinction 4)etween 

. _ ^ , . ' ' \ 

real time and story time. 

# 
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The procedure was basically the same as in Experiment 1. The story was 
presented for 20 seconds followed after 1.5 seconds by the probe, The!first 
# I ve .practice trials required real-time responses, the last five were based 
on 6tory time. The test trials were preceded by a message 'insVucting 1 
subjects to base their answers on either real time or story timfe UQtil 
instructed otherwise. After half of thf^tr iaj s had been presented, subjects 
were given a 3-minute rest period. They were then^'i nstructed to base their 
answers to the remaining probes on story or real 'time, whict)ever question 

y did not receive 4n the first trial block. The entire experiment ^ 
lasted about 60 minutes, ' . ^ ' , - 

Results and Discussion * // 

The mean response times and error probabilities are presented in 
T^ble 4, The question of primary interest was whether real time decisions are 
easier than story time decisions^ Analyses. of the true raspOns^ latencies 
provided an ^affirmative answer,' The effect of test question was reliable, 
F^(1,26) = 18,66, MS^ ="380,783; F^(l„45) = 8.61, = 319,468, with faster 
responses when decisions were based on input order. However, the^magn i tude 
of this effect depended both 'on» the type of connection existing between the 
events and the order in which the two types of test questions were presented* 

' Insert Table 4 about here 
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This is indicated by the triple interaction of question x connection x bfock,' 

, " •> . ' • 

F^(l,26) ='7.74, MS^ = 240,056; F^^l] ,Af^ = 4.30, MS^ = 319,468. This, 

interaction also qualifies the effect of connectron, £^(1,26) = 4.39, 
MS = 241,641, its interaction with question, F^'(l,26) = 8.74, MS = 240,056, 
and rts interaction with blocKi F^(l,26) = 15.57, MS^ = 24i;641; 
.£.2(1,45).= 7.45, MS^ = 319,468. , • • . ' 

These interactions can ^b^ expressed. verbal ly as follows: If real time 

r 

* ■* * 

was tested before story time (Block R-S), response times on logical ,and 
arbitrary stories were roughly equivalent. If story time was tested first^ 
(Block S-R), arbitrary paragraphs were' .faster than logical. However, i-hls- 
effect occurred primarily when the t§st question was based on real time. The 
results can best be understood by inspection of the top half ot Table 4, 
which reveals 'one ce I.I entry which is strikfngly lower than any other. This 
cell mean represent$ the experimental conditi.9n of arbitrary connection, real 
time <quest ion. Block S-R. 

The triple interaction was unexpected and^d i f f icu if' to .interpret, but it 
clearly implicates some differences in- processing strategies. The general 
finding that real time is an easier basis of responding than story time may 
be due to the fact that the story need not be processed as extensively; The 
semantic rela.tionshy^s between events do not have to be encoded, s>ubjects 
need only abstract enough information to create a representation of input 
brder. The test^on story time clearly poses more difficulty since ^he 
semantic markers must be taken into account. It appears that if this more 
difficult ta^sk is presented first, subjecrts find the real-time taskpasier, 

• . 21 
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provi^led the story contains arbitrary connections between events. If the 
ordering is logi.cal, subjects seem to have difficulty switching froifi a- 
semantic processing strategy J'o one which ignores .^he s^antic relationships 
ex i sfTha between the events. It is more dif^cujt tagive the "wrong" answer 
t Ignoring the flashback) when it goes againsl^ ah ordering reinforced by prior 
knowledge. In the case of arbitrary stories, subjects canmore easily ignore* 
the semantic components of ^he ordering because they are only based oh 
episodic cont i^bt^d'y • ' In this condition, then, subjects b'^nef i t* f rom having 
had practice on the rit^Jre difficult task first and show a large decrease in 
latencies. 

0 

^tj^The error data are -eorffewhat easier to interpret because th^ triple 
interaction was not sig1i if icant. Aga i n, the effect of primary interest, test 
question, was rel iable,.^^^ (1,26) = 28.81, MS^ = .019; fj^i] ,^5) = 5.85, * 
MS = .010. More errors were made w*hen the questions involved underlying 



order of occurrence rather t^ran input s'equeqce. The interaction of question 
and block, was reliable on the item analysis of variance, £2^^'^^^ " 5.31, 
MS = .010. The difference in error ra'j^s between real time and story •♦ti^e 
*<}uestions was very small for three of four comparisons; however, on arbitrary 
passages tested in Block S-R the dLKerence was 22%. This outcome parallels 
the response latencies; error rate* were highest when the harder story-time 
questions were presented f ifst; they dropped markedly when the easier real 
t4me was tested. , A slightly different pattern emerges In the. subject 

G * 

analy3rs, where the question by connection interaction was reliable, 
£^.(1,26) = 13.51j^ MS^ = .OIV When the. events were arbitrarily connected/ 
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*there were 22% fewer errors on real time questions, tJut when logical 
connections existed between^the events, there were only 6% fewer error^. 
This again indicates;that it is harder to ignore semantic markers when they 
are based on pre-exper imefita I knowledge than when they only have an episodic 
basis. This effect obtained regard Le^s of blojpk order, 

, In summary*?^ These data provide further evidence that the initial 
representation of a story preserves ^^hOj^^tempora I record of input and rule out 
the explanation that the effect occurs only because real time inconsistent 
with story time* Surface order retains its advantage even when it is 
inconsistent with the underly ing semantic organization of the story. Jh^^ 
interactions with block order suggest that subjects were adopting task- 
^specific strategies. Nevertheless,^ the fact remains that subjects were 
general ly -better at making judgmenl-f about order of.jnput than about 
underlying order. 

Experiment' 4 

It is possible that temporal organization exerts its influence only on 
an immediate test. A number of jstudies have shown\that surface information » 
is we 1 1 -remembered immediately after processing but with interference and/or 

9 1 

the passage of time, people come to rely on a more general memory of meaning 
(e.g., Anderson, 1974; Garrod & Trabasso, 1973; McKoon, 1977; Smith & 
McMahon, 1970). Experiment 2 suggests at least some persistence, but*how 
fragile is thi s^ temporal I y-ordered' memory? Would it disappear if the test ^ 
was not onfy delayed but an fnterference task w§^s introduced? ThFs 
possibility was examined in the present experiment using a paradigm similar 
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to* that of Experiments J and 2. If real-time ihformation is but briefly 
retained, then the advantage of chronological over flashback stories should 
be eliminated. However, if temporal organization has some robustness, then 
differences should still ol?tain. A lO-second interference task was ' . 
Jntroduced betw.een story anVprobe presentation and consisted of detecting 
spelling errors in a list of , d i f f icul t:-to-spe1 Ij words. The duration of lh\s 
task is admittedly short, but a longer task destroys the sensitivity of the 
latency measure. A preliminary study using a 15-s^cond interference task 
resulted in large but equivalent increases in errors and response times on 
botb. sequence types. As it was, a few procedural modifications were 
necessary to ensure better-than-chance accuracy: the number of stor?es was 
reditced to prevent excessive fatigue; reading times were subject-controlled 



and ijjaximum response times were increased. 
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Method 

Mater ia Is . The stimulus ma,ter ia iT were Vhe same as thosfe used 
previously, but logical stories were not i ncluded.^" Subjects received a total 
of 40, stories, 8 practice and 32 test. Half were fn chronological sequence 
and half flashback. This reduction In the njjmber of passages was an effort \ 
*to prevent subject fatigue in light of the difffcult distractor "f^'k-*-;. J\)^ 

V V 

arbitrary stories were chbsen over the' logical to el Imlnate'^eif ects of prior 
know I ed^eTT^.f i I I ed interval might conceivably produce sufficient forgetting ^ 
that subjects would adopt a guessing strategy, which wauld lead to greater 
s^uccess on logical than on arbitrary passages. Such a guessing strategy 
wduld obscure differences between chronological and flashback paragraphs 
which might otherwise be apparent. 

24 ' ' ■ 
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The probes were the same as those use'd previously, but- they were . 

•■ " ■ • • ■ /■ 

displayed in a different format. The phrases were arranged onp on top of^the 

! r , 

other rather than appearing on a single line. The tasK was to decide whether 
the event on top preceded the event on the bottom \n order of occurrence in 
the story. Twenty of the test probes recfuired true decisions, and 12 false. 

Eight hundred words were selected for use in the Interference task, 
drawn frorfi a coJJection of di f f icult7to-spel I words (Callihan, 1957). Half 
of the words were spelled correctly and half contained anyerror^ 

Procedure . The experiment was under the control of the PLATO computer 
system^at the University of Illinois. Subjects received detailed - 
instructions in written form, and were given an opportunity to ask question's 
t)f the experimenter.' Each subject sat at a video terminal equipped with a' 
typewriter- 1 ike keyboard. Subjects were instructed to hold their right {ndex 
finger above the ^*V" key, to be used for a "yes" (true) response, and 'their 
left I ndex f- h iger over the."n" key, to be used for a "nolXtalse) response. 
The sequence of steps in the experiment was a^ follows: subjects signed onto 
the system in^ijvidual ly and were instructed via the computer to press the^ ke/^ 
labeled^. "next" in order to see the first story. J)nc'e they did so, the story 
was written onto :the screen. The subjects were permitted to read through the 
story^at their own pace (with a maximum of 32 seconds), lnc(icating by a key 

press when they had finished. Reading times were recorded by the computer.- ^ 

• ✓ • 

The key press initiated^th^e interference task^. Twenty wrds^ were displayed 

on the screen, in four columns of five worlds each. Subjects proceeded dowa 
the columns, pressing the "y" key if the word was spelled correctly, the "n" 
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.key if it was ^correct/ Preflimlnary testing showed it was-virtuaUy , 
impossible to respond to al l 20 words within the aUotted time^ At the endy 
of 10 seconds, .fhe list w^e^erased and the word "Prob^" Speared, fqJIowed tSy 
the probe jtself. Taking into consideration fheWime required by the^ - 
computer to change displays, the delay between story and prob^ presentation 
was actsjally about 15 sjecorids* Subjects^ responded "y" or4er^oi events 

^ / ' • ' ' ' >^ " 

in the probe matched the underlying order fn 'the story and ^*h" if not; the 

' ' ' . ^ ^ . ^ ■ ^" -J >yj 

r-esponse was printed on the screen. If a subject faHed to ^e'sponjJ wi thjn 15 

^ • 

seconds, a '"time-up" message appeared, Tliis 3-s^tep sequence constituted one . 

r ' ' ' ' \ \ . * ^ '-^ ' 

fri^L Subjects then presised "next»^ for presenl^tion of the ne>^f passage, 

. initiating triai 2. Thjs sequence was repeated thr^ough eight; pr^ctide' 
' , " / ' ^ ■ " ' ^ ^ ' 

.trials, after which an opportun Lty for" quest ionsswas prpy i dSd^^^ . T$e. 

subjects thenr setf-initiated the 32, te$t t/T^ls. ftes6ons%s and 're^po/ise 

times were recorded b,y tji0 computer\/A 2-minut^.r^st p^rjod^^wbs prcTvf'ded 

after 16 "trials,- during ^ich sub/ects watched ah^^mated, display on ^-fhe 

PLATO. screen. The^entire sess/on lasjted about SO^ilnfute's. . , * 

Sub:iects > Subjects w^e 20 University of Illinois^ und^rgradiiates' ^\ 

Enrolled in an educational psychology course, Partl<;ii>^tionf fn the^)- , 

e)^:pe raiment partially fulfilled a course' rrequirement. ^ 4 

Resljlts and t)ivScussiQn ^ ^. "V ; . ^ r t^";,^ ..^ 

The dependent measures , of interest w^re reading tibes^ response times, 
and error rates* - No data w^re colMect^d oft th^Joterference^^ask, . but the 

\\ K ' < ' ' - S < ' '''' 1. 

exper.rmeater observe s^jbjects, for cornpM.ance^witb the instruct ior>s. The 

\ -^^ ' ' ' • . , ^-^ , w ; ^ : c. 

d iif^rences between phrenological and flashback means were analyzed using 
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t-test^ for correlated samples/ ,A summary of the results is presented in 

/ * 

,r Insert Table *5 about fiere 

Table 5,- The experiment replicated the results of Experiments 1 and 2 in ^ 

that subject^ required more time to respond fa the prrobe^ on flashback* 

sequences than on chrono log icat , t(19) = 5.25, and flashback sequences 

resulted in higher error rates, t(19) =,3.69. Quite clearly, tf^ , 

interference task did not el imi nate. the differences beftween chronological ^nd 

.flashback sequences. This indicates that real t^me has some persistence 'in 

the.memory representation. 

- Analysis of the reading times revealed that subjects T'equi red more time 

*to read flashback than chronological sequences, t(19) = 2.18, suggesting that 

the Inverted sequences were more complex and/or difficult to compre^hend. It 

^ * 

Xs true that the flashback stor'ies generally contained one more word than ther^ 
chronolpgiJbl I"before that" vs^ "then'*), but it is unlikely tha^k this would 
produce significantly longer reading times. More importantly, jt is also 
unlikely t^t the increased reading times reflected an attempt to reorganize 
the story to conform to its underlying sequence. Had this strategy been 
adopted, the response times and error raters would not have teen ^resrfer on 
flashback sequences. ^ One possible Explanation for the increase is that 
subjects, required 'additional time to identify the antecedent of the pronoun , 
."that" in the. flashbacks (Garrod i^nford, J977). 
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The present experiment sub^JHntia I ly weakens the argument that subjects 
maintain a surface order representation for a brief period of tjme, but that 
they rely primarily on meaning. Had. this been true, the interference task 
should have eliminated the transitory surface representation^ leaving the ^ 

underlying representation intact. Theories which stress the role of semantic 

'I 

^^trijcture in memory representation would predict that the story is 
reorganiied*during processing to conform to the underlying sequence,. / 
resulting in' formally equivalent representations for both types of input. 
Therefore, assuming that the interf ererxce task displaced the c^peting 
surface representation, performance levels on the delayed test should be 
comparable. The fact tfr&t the advantage of chrgnoJogi ca I stories was not 
eliminated poses a problem for this theoretical position. The temporal 
record of input apparently exerts a greater organizing influence th^ n th e 
temporal relationships inherent in the meaning of the story. 

General Discussion ... 

The present series of experiments has demonslrwed that episodic 

information, specifically information about, the temper^ order of input, has 

stqong influence* on the immediate represew+at ion of simp I e /stories. 

if • . . . ' , * , 

Experiment 1 showed that people are faster and more accurate at answering f 

.questions about the order events took place in a story when the order of 

mention was the same as the order of occurrence. This was also observed In 

the second exper iment^ when subjec.ts were given an opportunity to extract and 
' *" 1 ' ft 

rdhearse t+ie under lying story sequence^ "The third experiment demonstrated 
that peopje are better at making decisions on the basis of Input sequence 
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than Qnderlying sequence. The advantage of input^ordeK is not simply dufe to 
retervfTon^of a fragile surface representation, since the effect remains with 
an interference task in Experiment 4. 

.1 The prfmary goal df the experiments, to demonstrate the influence of 
^ input sequence on memory^of simple stories, has been realized. A Secondary 
goal was to demonstrate an effect of the type of connection between events. 
It was expected that when events within a storyare logically related, \ , 
decision^. would be easier than when .events are linked by temppral contiguity 
alone. This prediction was based on the assumption that the sequence of ^ 
^ events in such a story is compatible with real world sequences and that^the 
possibi I ity of relating the sequence to prior knowledge allows th'e subject to 
, create a more coherent representation of the story. The even+s in an ^ 
arbitrarily-connected story are oitjy linked w*ith respect to that particular 
episodp, and so underlying order information' is harder to access. The 
results of Experiments 1 and 2 were consistent with expectations: response 
times were shorter and error rates were lower on logical stories. In 

Experiment 3, the interactions with block order make the effect of connection^ 

J- 

difficult to interpret., 

Given that logical stories were easier to deal with thin' arbitrary, it 
, is somewhat surprising that there was no evidence of an interaction with 
sequence* Because the underlying order oi events in a logical story conforms 
to an expected sequence, one might expec"^; less d^^^iculty on flashback 
sequences than when the events are arbitrarily ordered. In other vfprds, . 
subjects should be more likely to cre^e a representation that is integrated 
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with r^spdct 'to the underlying order. The absence of an Interaction 



strengthens ^the argument against tfje claim that stories are re-structured ^ 
during processing to conform to an Ideal schema '(e^»., ^-Klntsch et aL, 1977) • 

• ; • > J 

The faci I itatory effects of logical coniYctions probably occurred at the time 
of test; it was easier to access the correct ordering because prior knowledge 
could be used as well as episodic informatfon. This advantage operated 
equally on 'chronological and flashback sequences. 

The pr^^nt experiments also have beariifg on the issue of paraphrase 
J nvarlance. ^evera I models of memory contend that information is represented 



In an abstract prepositional format, suph that a given conceptual Idea has a 
common represevitation regardless of its exacrsurface realization. On this 
vlev^, chronological and flashback versions of the same story should have the 
^same forma^l representation, s4nce they contain the same underlying Ideas and 
differ only In. surface expression. However, the consistent differences m 
response times and error rates for chronological and flashback sequences 
argue ag^'nst this, position. Without posing -an arternat?Ve model, the modest 
claim can still be made that the representations differ. ^ ^ ^ ' 

One>problem with the invarlance model arlses.^rom the lack of a precise 
.deftai+ion for paraphrase fAnderson, 1976). Although the chronological and 
flash&ack versions of a given stoj^y seem to have the same general mearflngJ^^ it 
Is not cl^ar they are actually paraphrases of one another. Miller and 
Johnson-La irxJ (1976) argi>e that subtle differenges in meaning exist depending 
on the-way a temporal relationship Is expressed. For example; different ^ 
presuppositions are involN(ed depending on whether the subordinate clause of a 
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sentence contains, the word "before" or "after\" Simi lar ly/ Stfei n (in press) 
suggests that flashbacks may alter the number an^ types of inferences that 
arre made during reading. Another problem for the invariance model is the 
content-free aspect of prose known ^s si.gnaMing (Meyer, 1975), A^flashback 
could be regarded as a form of si^all//ng; jt does not add' new content or 
relationships to the text, but i^a^reases the salience of particular events, 
perhaps imparting a different perspecti ve'on the story. This technique 
serves an important stylistic -function, but its effects on memory have not 
been considered, 

' • - ' > 

^ In conclusion, th6*present experiments attest to a weakness in models^f 

prose representation which emphasize meaning. Most people undoubted ly' do fry 

to ma+ie sense of things .whije reading, but it is unlikely that they engage irf 

the .sophist icated restructuring strategies fer which they arfe credited. Not 

"'^"^-^^^ Vn lVdoes\he ^rt^or^ rep^e^^ntation pre^rv^M^^e^or^fef^*^^ It also 

■■ . ■ \ ■ / , 

contains other surface characteristics of text. Though rtot wishing to claim 
that pe4p/e have* verbat im memory, even for stories as short as those used in 

.7/ • . 

these expyfer imehts, {t is clear that they remember much more specific 

u < 

information than an abstract prepositional representatibn would allow^. 

The experiments also have some practical implications for educators. It 
Is geaeral ly agreed that meaning is not inherent in a text, but ratKer_^ls^-^ 
constructed by the reader in an interactive process involving both surface 
^information and world knowledge, CleSrlV* an assessment .of the knowledge a 
reader has acquired from text must not restrict itself to tests of verbatim 
memory, HowSver, the present experiments indicate that information derived 
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.<,f rom V text Is not re-structured into a semantical ly-consl.stent , 

# < 
representation during reading, but rather that It Is organized according to 

the or'der of Input. Therefore, It should ?iot be assumed that the reader 

automatically Integrates related Ideas Into « coherent structure. The v 

proficient reader probably can reconstruct a meaningful ly organl2ed^e5rh, but ^ 

the fess skilled reader may hd^'e difficulty establishing Interconnections 

among Ideas that are not presented contiguously In the text. This Implies 

that fcomprehenslon will be facilitated If information Is presented In an 



order that is consisteryf^Ith the logical flow of Ideas. 
"""" ,The;.exper iments also provide further evidence that people make use of 

r ' , ^ - 

prior kf^owledge In new learning situations. Subjects^^respons^s were faster^ 
and morje accurate when the to-be-remembered information conformed to a 
familiar and predictable situation. Brown and Murphy (1975) have . » 
demonstrated a similar facilitation In yOung children; the present 
ex|)erlmentj5 indicate that it does not diminish with the Increased memory ^ 
skills of adults. An obvious Implication for educaWon Is that efforts 
should be made to present 'information to students in such a way that it makes 

7 

contact with existing knowledge. ^ - . ** , , 



1 * 



Input Sequence 
32 



* - . * Refer^pces- , • • 

if 

r 

Anderson, J.»R. Verbatim and prepositional representation of sentences in 
immed fate and long-term memory. Journal of Verbal Learning and ^Verbal 
Behavior^ 1974, T3/ 149-162.* 

-4 

Anderson, J. R. Language, "memory, -and thpuqht . Hillsdale, N.J.: Eplbaum, 

. ■ 

Anderson, J. R.>.'& Bower, G. H. Human associative memory . Wa^hi.ngton^ 



N 



Winston, 1973. 



Brovty, A. L., & Murphy, M. D. Reconstruc-yog b.f arbitrary vs. logi.cal 

sequences by preschool children. ' Journal of Experimental Child ^ 

, *' 

Psychology ,- 1975, ''20, 307-326. 

i 

Callihan, E. C. Grammar for journalists . /New York: Ronald Press, 1957. Pp. 

' ' ' ■ " / ' 

316-331. _ I ' . 

Clark, H. H. , & Clark, E. V*. /Semantic d/stinctions and memory for complex 
sentences. Quarterly Journal of Experimental Psychology , 1968, 20, 
129-318. 

Garrod, S. & Sanford, A. Interpreti/ig anaphoric relations^ The integration 

/ » ' 

of semantic information whi le r/ead ing., Journal of Verbal Learning and 
O'er'bal Behavior , 1977, J6, 77A90. 
Garrod, S.,/& Trabasso, T. A duyi-memory information-processing 

interpretation of sentenc^ comprehensi-on. Journal of Verbal Learning and 
Verbal Behavior, 1973,^2, 155-167. . ' ' ■ 



/ 



ERIC 



33 



Input Sequence 
\ 33 



Kahneitjan, D., & Henir, W. Effecre of visual grouping oij immediate recall and 



selective attention. In S. Dor'nic (Ed.), Attention and, performance (Vol. 

6)* Hillsdale, N.J. : - Er Ibaum, 1977, 
King, D*.' R. W.^& Greeno, J. G. Invariance of inference time when information 
' was presented' in di^^erent linguistic formats. Memory and Coqnjtion ^ 

1974, '2, 233-235. ^ • 

Kintsch, W. The ' representation of meaning in memory. Potomac, Md.: Eribaum, 

1974. 

Kintsch, W/, Mandel,, T. S. & Kpzroi nsky, E. Summarizing scrambled stories. 

Memory and Cognition , 1977, 5^, 547-^3.2. 

.1 ^ ' ^ 

Kintsch, W., &:Monk, D. Storage of complex information in memory: Some 

implications of the speed with which Inferences can be made. Journal of 

' Experimental Psychology , 1972, 94, 25-32. 

((tandler, J. A code In the qpd^: The use of a story schema In retrieval. 

Discourse Processes, In press. 

Handler, J. M., & Johnson, N. S., Remembrance of things parsed: Story 

structure and recall. O^gnitive Psychology ,' 1977, £, 111-t5t. ^ 

McKoon, G.' Organization of Information In text memory. Journal of Verbal 

Learning and Verbal Behavior , 1977,^ 16' 247-260* .... 

y/Meyer,^B. J. F. The organization of prose and its effects on memory . 

■Amsterdam; North Hoi land, 1975. ^ 

Mey^r, B., & McConkie, G. W.. l^hat is recalled after hearing a passage? 

Journal of Educational Psychology , 1973, 65j 109-117. 



34 



- • • Input Sequence 

ft . • 34 

Meyers, L. S., & Boldrick, D. Memory for meaningful connected diseoilrse. 

Journal of Experimental Psycho log/ : Human Learning and Memory , 1975^1, 

-584^591/ ' • ' ' 

Miller, G., & Johnson-Laird, P. N. Language and perception , Cambridge, 

Mass.: Belknap, 1976. 
Norman, D. A. , & Rumelhart, D. Explorations in cognition . San Fraficisco: 

^ Freeman, 1975. , a • 

Potts, G. R. Bringing order to cognitive structures. In F. Rest I e, ^ 

R. M. Shriffrin, N. S. Castellan, H. R. Lindma'n, D. B. Pison (Eds.), , , 

\ Cognitive theory (Vol. 1). Hillsdale, N.J.: Eribaum, 1975. 

' \ 

^Rumelhart, D. Notes on a schema for stories. In D. Bobrow and A. Collins 

(Eds. ) , Representation and understanding : Stud ies in congltiv^ science . 
New York: Academic Press, 1975. ' ^ ' ' ^ 

Schank, R. C. Conceptual dependency: A theory of natural language 
unders;t*anding. Cognitive Psychology , '1972, 552-631. 

Schank, R. C. The structijre of episodes in memory. In D. Bobrow & A. .Collins 
(Eds. ) , Representation and understanding : Studies if) cognitive science . 
New York: Academic' Press, 1975. ' ^ 

Smith, K. H. , & McMahon, L. 'E. ' Understanding order information In sentences: 
Some recerrt work at Bell Laboratories. In G. B. Flores d'Arcais and 
W. J. M. Levelt (Eds,), Advances -in psychol inqu i stjcs . Amsterdam: North 
Hoi land, 1970. . . • 



' • . ' ' Input Sequence 

Stein, N, L. T^e devejopment of appreciation of stbrtes as an art form, \x\ 
$• Madeja (Ed.), The arts , coqn it ion , and basic ski I Ig . St* Louis: 
Central Inc., in press. 

Stein, L., & Glenn, C. G* An analysis' of story compr^ehension in elementary 



school children, • In R* Freed le <Ed, ) , Discourse processing ; 

Multidiscipl inary perspectives , HiNsdale, N»J»4 Abtex, in press. 
Stein, L,, & Nezworski, T.o The effects of organization and instructional 

set (in- story membry. Discourse Processes , In press, 
Thorndyke^ P, W, Cogn itiv^ structures in comprehension and memory of 

• , 7 

narrative discourse^ Cognitive Psychology , ' 1977, £, 77-110, 
Vgh Dijk, T, A, Some aspectS : of text grammars . The Hague; Mouton, 1972, 



^ 0 



' , ' Input Sequence 

^ . i 36 

^' * ^ ^ . , ^ 

Footnotes 

Portions of this paper are based, on a thesis submitted to'Rutgers 

University jn partial fulfil Iment of the req^jirements for the Ph.D. degree^ 

I wish to express my deep appreciation to my advisor, John Santa, for his 

guidance through all phases of this research* I am also gratef ul/'to'' 

/ > 

conimittee members Arnold Glass and Carlton James for. their support. 
Experiments 1-3 were supported by a Rutgers University Predoctoral 

'Fellowship,, and Experiment 4 was supported by the National Institute of 
Education under Contract No. US-N I E-C-400-76-01 1§ .to the Center for the Study 
of Reading. ,M would like to thank AM Iran-Nejad arid Dean Radin for their 
assistance in programming and conducting Experiment 4. I would afso like to 

'thank Glenn Kleiman, Jim Pichert, and Nancy Stein for their comments on 
earlier versions of this manuscript, 

ht should be noted that these passages do hot conform to, an Ideal story 
structure because they are not strictly goa l-or iented and lack one or more 
types of information required by story grammars (e.g.. Stein & Glenn, In 
press)^ A more appropriate label might be "narrative," but I find it simpler 
to refer To them as stories, 

^In order to corroborate the psychological validity of this dichotomy, a 
post-hoc norming study was carried out. Materials were ^constructed such that 
on each of the 56 test stories, the first and last sentences remained in 
their appropriate positions, but the three midd I e' sentences were rearranged 
In a random brder. All temporal markers were eliminated from the ^sentences 
so as not to provide clues about or^derTng. In additi.on, alTpronouns were 
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replaced by fiouns so that referential style would not serve aa aa ordering 
cue. Ten subjects were Instructed to arrange the three middle sentences Into 
the sequence they thought made the "best" story. They were told that In some 
'cas6s/ one ordering would clearly be the best, while. In other .cases, no one 
ordering would seem better than another. They were also Instructed to 
classify the story as conta^ng either a logical ordering of events or an 
arbitrary ordering. 

Performance on the ordering task was as expected. On those stories 
classified as logjcal, subjects consistently ordered the events in the 
expected Sequence, but there was no particular pattern In arranging the 
events in the arbitrary stories. In addition, there was 95% agreement on the 
classification task. Thus, the stories do conform to the guidelines by which 

they we're constructed, * . 

3 \r ' ' ^> 

The dependent variable In the subject analysesC was £ (error), while In 

the Item analyses It was number of errors, thus accounting for the 

r 

dlscrepeincies In the magnitude of the MS 's. 
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' * Table 1 ' * . 

y 

' • ' ' Examples of Stories and Prot^es * . , 

Arbitrary Connections ^' ' ^ ■ ^ 

ChronologicaL Dan^s friends asked him to help them move out of their 
house^ Dan dropped a^ffling cabinet, breaj^ing the railing on the stair* 
Then, he knocked a dresser into the wall and cracked the plaster. Next, he 
dropped a porcelain lamp which shattered into tiny pieces, Dan was not a 
good moving man.. 

Flashback , Oan's friends asked him to help them move out of their 
hous^e. He knocked a dresser into the wall and cracked the plaster. Before 
that, Dan dropped a fifing cabinet, breaking the failing on the stair. 
Later, he dropped a porcelajxi lamp which shattered into, tiny pieces* Dan was 
not a good moving man, * 

Probe , brokB railing,,, ^, cracked piaster (true) 



Log 'real Connections 

Chronological , Mary^s annual visit to the doctor was ^ite traumatic. 
She had to spend two hours in the waiting room with a scolding mother and 
f our whin ing children. Then the nurse tried to take a bloqd sample and 
couldn^t find a vein until the 7th try. Later, Mary discovered that someone 
had stolen her coat from the closet. She swore she^id never ,go back for 
another check-up, ' 

^Continued on following page)^ ^ 
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Flashback ,. Mary's^annual visft t6 the doctor was quite traOmatfc. The 
nurse tried to take a/blood sample and coul dn^t f lnd> a vein until the 7fth > - 



try. Before that,^ry had to spend. two hours In the >f^\'^\x^^r^m^\'\\\ a 
scolding mothrer and four whining chl Idren. -/later, Mary <tlscovered that 



someone had stolen her coat from the closet/ SJie swore she'd never go back 
for another check-up. - * . 

• ^robe. whining children blood sample (true) - ^ - 
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Table 2 

Mean Response Ti,mes (In msec) and Error Probabf Titles 



in Experiment 1 



True decisions 
^Connection 
\rbitrary. 
Logical 
Mean 



Chronologica I 



iin (.09) 

5137 (.04) 



-3232 (.07) 



Sequence 
Flashback 



3747 ,(.19) 
3550 (.11) , 
3649 (.15) 



Mean 



3537 (.14) 
3344 (.08) 



Fa l§e Dec isi^ns 

■ ••'I.- -^^^ 
^ Conffection 

Arbitrary 

Log i ca r 

Mean 



3442 (.04) 
3244 (.03)^ 
3343 (.04) 



3973 (.23) 
3607 (.12) 
3790 (.18) 



3708 (.14) 
3426 (.08) 
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^ Table 3 

Mean Response Times (in mseo^an^ 



'robabi I Ities 



I 



Jrue decisions 
Connection 
Arbitrary 
Log i ca I 
Me^n 

Fa Ise Decisions 
Connection 
Arbitrary 
Log I ca I 
Mean 



i n Experiment 2 



Chronolog^pi 



3910 (.04) 
3571 (.04) 
3740 (.04) 



3722 (.06) 
3662 (.05) 
3692 (.06) 



Sequence'!' 
Flashback 



4444 (.16) 
3969 (.18) 
4216 (.17) 



4690 (.20) 
4301 (.18) 
.4496- (.19) 



Mean 



4177 (.10) 
5780 (.11) 



4206 (.13) 
3982 (.12) 
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Table 4 

Mean Response Times (in msec) and Error^Rrobabll Itles 



In Experiment 3 

• Test , quest Ion 
Real time Story .time 



ue decisions 
Block order S-R' 
Connection ^ 




3085 (.02i 
4205 (.12) 
3645 (.07) 



4269 (.26) 
4301 (.15) 
4285 (.21) 



3935 (.03) 
377s (.05) 
3855 (.04) 



4343 (.23) 
4150 (.13) 
4247 (.18) 



Mean 



3677 (.14) 
4253 (.14) 



4139 (.13) 
'3962 (.09) 



(Continued on following page) 
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.Table 4 (continued) 



False Decisions 
^ Block order S-f? 
Connection 
Ari)ltrary 
; Loglcj,l 
Mean 
BlocR order R-S 
- Gorinection 
: Arbitrary r 
^-Mogical 



^.,.J4eah 



eal time 



^'-3873 (.15) 
.3892 '(.19) 
,^83 (.17) 



4064 (.12) 
4139 .(.25) 
4102 (.19) 



Test cjuestion 
Story time 



'4695 (.30) 
4252 (.21) 
4474 (.11) 



Si 



3933 (.12) 
4736 (.18) 
4335 ( . 15) 



Mean — 



4284 (.23) 
4072 (.20) 



3999 (,12) 
4438 (.22) 



'4: 

• 4 ■ . 
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Table 5 



Slimmary of Results in Experiment 4 



True decisions 

Response times (sec) 
, £ (error) 
Reading times (sec) 

False dec] sions* 

Response times (sec) 
£ (error) 

^Reading times (sec) 



.Sequence 
Chronological . Flashback 



5.176 
.04 
23.597 



5.272 



.11 



22.835 




5.855 
.18 
24.472 



5.706 
' / .-22 
. ,24.190' 
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" . . ^Appendix 
Summary >of Significant Stati^stical Tests 
on False Decisions 



Experiment' 1 
. * Response Times 

Sequencer £^^(1,72) = 7.38, MS^ = 514,575 

Connection': ,\^) = 4.26, MS^ = 256,891 
£ (error) , 

Sequence: F^(1,72) = 16.39, MS^ =' .0228 
F '(1,22) =' 18.04, MS^ 

Connection: F^(1,22) = 4.22, MS 

Experiment 2 • * 

Response Times 



2.11 
2.11 



/Sequence: .F, (1,36) = 11.57, MS 
£,(■1,19) = 5.42,. 



£ (error) 



Sequencer^ F_ ( 1,36) = 5.77, MS 



' t2^\,\9) =" 7.76, 



MS. 



= 558,004 
= 569,381 

= .03231 
.= 1.09| 



4 



(Continued on following page) 
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Experiment 3 

Response Times 



Question: F,(l,26) =. 9.29, MS =. 488,329 
• I ~ '"e 

■ £2(1,44) = 4.52, MS^ = 419,316 , 



^ Connection x Block; — F^(1.26) - 5i97. MS^ - ^ 173, 974 - 

F_Vl, 44) = 7.98, MS =^419,316 
Question x Connection x Block 

Fj(l,26) 

£ (error) 

Question:' ^2^^'^^^ 
Connection x Block: £j(l,26) 



7.80, MS 



4.23, MS^ 
5.92, MS 



= 303,582 

= .020- 
= .017. 



Experiment 4 (Sequence) 

Response times: t(19).= 1.89 
£ (error): t(19) = 2.24 
• Reading times: t(l-9) = 2.38' 



/ 
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